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the beneficial effects of clustering (Wilson et al., 1992; Taylor, 1992; Taylor et al., 2011; 30 Débarre et al., 2014) . Consequently, traits able to alleviate this local competition can be 31 selected for.
32
It is usually assumed that new or improved traits come with fitness costs, because of 33 pleiotropic effects or metabolic costs. This is for instance the case for traits of defence 34 against natural enemies. Mounting a defence against parasites can involve the diversion of 35 resources that would otherwise have been used for another purpose (Sheldon and Verhulst, 36 1996) ; the chemicals used in the defence can also harm the host (auto-toxicity, Purrington, 37 2000). In addition to these direct costs, defence traits may also have indirect costs, such 38 as the deterrence of mutualists, or a reduced competitive ability (Strauss et al., 2002) . It is 39 therefore common in theoretical studies to assume that the trait of interest is costly. Fitness Still, when comparing the evolution of a costly trait in spatial vs. non-spatial (well-44 mixed) environments, it is crucial to consider the costs as correlated traits that are also 45 under selection. Indeed, this article shows that spatial structure mitigates fitness costs, and 46 that this result may affect the way we interpret differences in the evolution of specific traits in spatial vs. non-spatial contexts, highlighting the limits of adaptationist interpretations.
48
I first consider a simple model of a population living in a lattice, where reproduction is 49 density-dependent. The decomposition of a selection gradient shows why selection against 50 a reduced fecundity (or against a decreased survival) is less strong in a spatial context than 51 in a non-spatial context. I then assume that individuals can be infected by a directly trans-In this first example, we follow the density dynamics of a population of clonally reproducing 60 individuals, when reproduction is density dependent. We assume that there is a large number 61 of breeding sites in the population, and that each site can host at most one individual. Each 62 site is therefore either empty (•) or occupied (S).
63
We denote by b individual fecundity (notation is summarised in table 1). An individual 64 can only reproduce if there are empty sites available to host its offspring. With probability 1−g R , reproduction is local, meaning that the offspring can only be sent to the neighbouring 66 breeding sites; with probability g R , reproduction is global: the offspring can be sent to any 67 empty breeding site in the environment (see figure 1) . Death, on the other hand, is density 68 independent, and occurs at a rate d; this is the rate at which an occupied site (S) becomes site, that is, the probability of finding an empty site in the neighbourhood of an occupied 73 site. With this, the density dynamics of the density of occupied sites can be written using 74 the following spatial moment equation (Rand, 1999; van Baalen, 1998 van Baalen, , 2002 : 
We then assume that a mutant appears, with a different fecundity (b ) and/or death rate
The mutant is initially rare, and the invasion dynamics of this rare mutant are given 80 by:
The mutant can establish in the population when R > 0, with
We assume that mutant and resident individuals are phenotypically close: the muta-83 tion is of small phenotypic effect, so that we can write b = b + ∂b and d = d + ∂d.
84
Consequently, the local density of empty sites seen by a mutant individual is also not 85 too different from the local density of empty sites seen by a resident individual, so that
Using the definitions of R and R * (equations (2) and (4)), we can 87 express the selection gradient ∂R as follows:
This selection gradient is the sum of two terms. The first term, ∂R self , represents the 89 direct effects of the mutation on a mutant's own fitness; it does not depend on whether residents do. This is the crucial point of our argument.
99
Let us consider a mutant that has a reduced fecundity, a feature that will later be quali-100 fied as a fitness cost (the argument goes the same way if we consider changes in the death 101 rate). In a spatial setting, reproduction is mostly local, and related individuals tend to cluster.
102
Mutants have a lower fecundity (∂b < 0), hence have more empty sites in their neighbour-103 hood than residents do: ∂q •|S > 0, so that ∂R demo > 0. In both cases, though, ∂R self 104 is negative and is the leading term of the selection gradient, so that the mutant is eventu-105 ally counter-selected. But it is less strongly counter-selected in a spatial context than a a 106 5 . CC-BY-NC-ND 4.0 International license not peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/012740 doi: bioRxiv preprint first posted online Dec. 16, 2014;  an increased fecundity (∂b > 0) sees a lower local density of empty sites (∂q •|S < 0), 108 yielding ∂R demo < 0; it is therefore less strongly favoured in a spatial context than in a 109 non-spatial context. Figure 2 illustrates this result; the selection gradients are calculated numerically, using dp
As previously, we assume that the population (called the "resident" population) is at 134 equilibrium and we use a star * to denote global and local densities evaluated at this equi- 
138
(2012) have shown that the selection gradient can be expressed as follows:
where
[The method to derive equation (7) We note that the expression of B * is identical to the expression of R * in the demographic 145 model (equation (2)), except that this quantity is not equal to zero anymore, for the density 146 of healthy individuals is also affected by infection dynamics (see equation (6a)).
147
The interpretation of the first two terms of the selection gradient (7) is the same as in the 148 previous section: ∂R self , corresponds to the direct effects of the mutation on the mutants'
The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/012740 doi: bioRxiv preprint first posted online Dec. 16, 2014;  own fitness, and ∂R demo takes into account changes in the demographic structure of the pop-ulation. A third term, ∂R epi , corresponds to changes in the epidemiological structure of the 151 population, via the terms ∂q I |S and ∂q I|S , whose sum corresponds to the changes in the 152 density of infected individuals (resident or mutant) in the neighbourhood of a healthy mu-153 tant individual. Both ∂R demo and ∂R epi vanish in a non-spatial context, when reproduction 154 and transmission are purely global (g R = g T = 1).
155
The selection gradient (7) conflates the effects of changes in the trait of interest (α) and 156 the associated cost (b), but we can disentangle these effects, by noting that
where ∂R (trait) is the selection gradient that we would obtain if the trait under selection had subdivided into direct, demographic and epidemiological components, as in equation (7). 
CC-BY-NC-ND 4.0 International license not peer-reviewed) is the author/funder. It is made available under a
The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/012740 doi: bioRxiv preprint first posted online Dec. 16, 2014;  evolution of susceptibility to the disease is negligible.
179
Now going back to the global selection gradient, encompassing the trait and its asso-180 ciated cost ( figure 3(a) ), we now understand that the difference between the spatial and 181 non-spatial settings are in fact almost entirely driven by the fitness cost, and not by the trait 182 of interest itself.
183

Discussion
184
While evolutionary studies commonly assume that a change in trait of interest comes with 185 an associated cost, the cost itself is seldom considered as a trait in its own right. In this 186 article, I show that overlooking that a cost is a jointly evolving, correlated trait can lead to 187 erroneous interpretations. I use an example taken from a recent study by Best et al. (2011), 188 investigating the effect of spatial structure on the evolution of host susceptibility to a disease.
189
Assuming that a lower susceptibility to a disease is associated to a lower host fecundity, Best The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/012740 doi: bioRxiv preprint first posted online Dec. 16, 2014; * Figure 1 : Density-dependent reproduction and limited dispersal lead to increased local competition. Empty sites are in white, occupied sites in grey. With purely local reproduction (g R = 0), the individual in the starred site cannot reproduce, because there is currently no empty site in its neighbourhood. With purely global reproduction (g R = 1), on the contrary, this individual can reproduce because it has already access to 21 empty sites.
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